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On the Errors in Longitude, ¢$c. 249 
feet ! ! ! The bare statement of these factswill, I trust, furnish tim 
best comments upon this part of the " Comparative Advantages 
of illuminating by Gas from Oil and from Coal ."  

His fifth and last head~ " W h i c h  is most durable in a na-  
tional point of view?" is best answered by a general axiom, Tha t  
that  is the best source of a nation's revenue which is most lucra- 
tive, least fbrtuitous, and least hazardous. That  oil gas should 
be preferred to coal gas, because it would thereby encourage 
the Greenland fisheries as a nursery for our fleets, is a rather 
.strange doctrine, when we recollect that  during war it is pro-  
tected by law from that most disgraceful system, the impress [ 
And we certainly have yet to learn lmw it can be put in com-  
parison with the'Newcastle coal trade, and that carried on along 
our western and southern shores. As I said in my former reply 
to the very same argument, I repeat my opinion, that  where the 
former brings up one sailor, these latter sources bring up fifty. 

We have now contemplated the .five-point picture of oil gas~ 
which the fanciful pen of Mr. Rieardo has presented to the reader 
of  the Annals of Philosophy. Be assured, Mr. Editor, that in my 
thus attempting to hold up the mirror of truth, in order to take 
a fair impartial view of it, I am as free as even Mr. Ricardo him- 
self from being " influenced by interested motives in seeking 
publicity to it." The cause of truth and of science is alone the 
object I am desirous to subserve : if Mr. Rieardo or any of your 
numerous readers should by the aid of these reflections discover 
that h i ,  chief points of '¢ (~omparative Advantages," highly co- 
Ioured as they are, are out of all drawing, due keeping and pro- 
portion,and that, in order to make them bear out, not a few false 
shades have been thrown over coal g a s , ~ t h e n  indeed shall I rest 
satisfied that  I have neither written, nor caused you to print, in 
vain. Believe me, most respeetfillly, 

Your friend, 
Derby Brewery, March 21, 18°1. GF.O. LowE.  

XXXVI  I! .  On the Errors in Longitude as determined by Chrono- 
meters at Sea, arising from the Action of the Iron in the Ships 
upon the Chronometers. By GEOaQE F[snEa,  Esq. Com- 
7nunicated by J o n y  BARROW, Esq. F.R.S.* 

determination of the longitude at sea by time-keepers,  is 
so exceedingly easy fi'om the simplicity of the observations and 
calculations employed, and from the general practicability of the 
method, as to render chronometers, in the present improved state 
of  navigation, almost indispensable articles in the equipment of 
ships for fbreign service ; and I shall feel happy if the following 

* From the Transactions of the Royal Society for 1820. Part II. 
Vol. 57. No. 276. April 1821. I i obser. 
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250 On the Errors in Longitude 

observations may, in any way, contribute to the more accurate 
determination of the lot~gitude by this method. 

The sudden alteration in the rates of chronometers when taken 
on board of ships, has been frequently observed by intelligent sea- 
men;  and is generally ascribed to the motion of the vessels. 
Before, however, I attempt to account for this alteration, I shall 
first prove that it actually takes place ; and, in order to do this, 
shall relate the circumstances connected with the chronometers 
on board the Dorothea and Trent, commanded by Capt Buchan, 
which occurred during the late voyage to the north pole. 

Soon after the arrival of the ships on the coast of Spitzbergen, 
tile chronometers on board the Dorothea (five in number) were 
found to be rapidly gaining on their fo,'mer rates as determined in 
London previous to the ships sailing ; in consequence of which 
the land appeared considerably to the westward of its true posi- 
tion as determined by lunar observation, and they were found to 
be still gaining daily, which appeared not only from each sub- 
sequent set of lunars, but also by comparing the longitude of dif- 
ferent points of land determined by the chronometers, with the 
longitude of the same points ascertained in the same way some 
time afterwards. 

For instance : The longitude of a remarkable point of land on 
the north-west coast of Spitzbergen, called Cloven Cliff, was 
found by a mean of the observations taken with the chronometers 
on .luue 21, ISIS,  to be 10°35 ' 27" E.; but the longitude of the 
same poillt of laud on July 31, was 10 ° 15' :37 t' E., making a dif- 
ference of no less than about 20 ° of longitude in five weeks ; that 
is~ estimating the longitude with the same rates and errors as de- 
~ermined in London before their departure. From this, therefore, 
i~ appears, they had been gaining on their former rates, or had 
been increasing their gaining rates~ and diminishing their losing 
ones. 

An opportunity soon afterwards occurred of observing the ef- 
fect produced upon the chronometers by removing them on shore. 
On the 9th of August, the chronometersj nine in number, were 
lauded on an island, where a temporary observatory had been 
erected for the purpose, and the latitude of which had been ac- 
curately determined with a repeating circle made by Troughton, 
when it was found that the acceleration immediately ceased ; foe 
the longitude of the place by chronometers, August 12, was 9 ° 42' 
35" E.I but on the 27th, it was 10 ° 1' 0" E., making a difference 
of 18' 24 't of longitude in fifteen days~ using the former rates. 

Sinee, therefore, the chronometers were getting easterly by 
their removal on shore, the acceleration must have ceased; which 
will appear upou consideration. 

A similar circumstance was observed by Lieut. Franklin to 
take 
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as determined by Chronometers at Sea. 251 

take place with the chronometers on board the Trent, which were 
four in number ; and he observes, " I t  may be worthy of remark, 
that the chronometers taken out by the Hon.Capt. Phipps showed 
too great westerly longitude, and consequently gained on these 
seas. The fact of so many chronometers altering their rates 
the same way, is curious ; but I am not aware that any cause can 
be assigned." 

The effect produced upon one or two of the chronometers by 
their removal to land, was very remarkable ; a chronometer made 
by Baird was (by observations taken on shore near where the 
ships lay at anchor, by Lieutenants Franklin and Beeehey, with 
false horizon, and eight-inch reflecting circles of Troughtoni 
from August 8 A.M. to 12 P.M.) losing 3""4 daily when on 
board ; but upon its removal on shore to the observatory, its 
rate per transit, from Aqgust 16 to 26, was observed by myself 
to be 18."2 losing. Upon again removing it on board, it was 
found by observation, as before, to be losing 6""5 daily; from 
which it appears the chronometer lost no less than about thir- 
teen or fourteen seconds daily by its removal on shore. 

Another chronometer in the Trent~ made by Pennington, had 
been gaining rapidly on hoard ; when taken on shore, it acquired 
immediately a losing rate of 1""8, nearly the same as it had in 
London before the vessels sailed. 

A chronometer of my own, by Arnold, was affected likewise 
nearly as much, losing about 9" daily by its renmval on shore. 

In the other chronometers the alteration was less sudden, but 
was ultimately not less considerable ; and they were several days 
on shore before they acquired a steady rate, as will appear by 
the following table of their rate% during the interval of the re- 
spective dates. 

Table of Rates of Chronometers immediately when landed, 

August 9 

11 

12 

16 

20 

23 

26 
i 

NO. I. 
Earnshaw. 

+ 1 2 .0  

+10 '2  

+ 7"98 

+ 6.2 

+ 5'63 

+ 4.02 

August 9, 1818. 
'2. 4. 

Arnold, Barraud. 

62 _ _  , + 

0" +7"9 

--1"85 +0"8 

--5.1 +7"1 

--5.2 +2 .8  

--6"14 +4 '3  

I i 2  

6 o  

Arnold. 

i t  

--33"5 

--34"2 

--36"2 

--40"9 

--37"7 

--41"5 

Clock. 

+70 '60  

+ 69.03 

+(;9.12 

+69.29 

The 
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252 On theErrors in Longitude 

The rates from Auglast 12 to 26, were determined by the sun's 
transit, and those fromAugust 9th (the day on which the chrono- 
meters were landed) to the 12th, by a comparison with the clock, 
supposing its mean rate +69""5, as no observation occurred 
during this interval ; and bv this table it appears, that the chro- 
nometers when landed were rapidly diminisbing their gaining 
rates, and increasing their losing ones. In the others the effect 
was almost immediate. 

The clock and chronometers were likewise landed upon a small 
island in Fair Haven, on the north coast of Spitzbergen, on the 
30th June ; and, as the same circumstances occurred, it will be 
needless to detail them. 

The following table is.intended to show the difference between 
the rates on board the ships and what they would have been had 
they been on shore, 

I Mean Mean 
Error, Differ- Inter- Rates Rates on 

Chronometers. Greenwich time. ence. val. 
at Sea. Shore. 

No. 1. Earnshaw. 

2. Arnold. 

,3. Arnold. 

4. Barraud. 

5. Arnold. 

6. Earnshaw. 

7. Pennington. 

8. Arnold. 

9. Baird. 

' "  ' "  ¢.o April 11, + 7.40"1 + 18.52"1 + + 
Aug. 25, +26.32"2 

A p r i l l l , -  0.42 _ 3.33 136 -- 1'5 -- 5"2 
Aug. 25, -- 4.1,5 

May 7 ,  - -  1 . 4 4  _ 1.52 56 - -  2 " 0  - -  6'5 
July '2, -- 3.36 

April 1, -- O. 1 
Aug. 25, + 5.55"5 + 5"56"5 146 + 2"5 + 1"2 

April 15, -- 0.38 --28.10 132 --12"8 --22"4 
Aug. 25, --28.48 

April 11, + 1.13 
Aug. 25, + 0. 2"2-- 1.10"8 136 -- 0'5 -- 0'93 

Aprilll,  + 0.53 +13. 3'5 136 + 5"8 -- 0"63 
Aug. 25, +13.57 

April 1 3 , -  0.24 +16.17"5 134l+ 7"3 -- 2"5 
Aug. 25, -- 15 53"5 

0.25' l 2"2 Aprill5, + 5.12"5 I+ 4.47"4 132 "Jr -- 5"15 Aug. 25, + 

The errors of the chronometers in April, were those obtained 
in London before tile ships sailed ; those on the 25th of August 
were determined at the observatory on Dane 's  Islando Spitzber- 

[~ell jr 
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as determlned by Chronometers at Sea. 253 

gen, the longitude of which was determined by a great many ob- 
servations of the distances of the sun and moon for several days 
with Troughton's eight-inch sextants and refleetilJg circles. The 
rates in the column entitled "Mean  Rates at Sea," are deduced 
by dividing the difference of the errors by the interval. 

The rates in the column entitled " Mean Rates on Shore," or 
more properly what they would have had~ are means between the 
rates of chronometers on shore before leaving England, and those 
obtained at Spltzbergen; and although a mean between the 
rates of chronometers obtained at different times, may not accu- 
rately be the mean rate they wouht have had during the interval 
of those times, from the continued variation to whiel~ they are 
snbjeet ; yet, upon comparing the two last columns together, of 
the rates thus deduced, it will be perceived, that in all the chro- 
nometers their gaining rates had either been increased, or their 
losing ones diminished on ship-board, or, in other words, they 
had all been accelerated. 

Nor is this acceleration peculiar to high latitudes ; it was ob- 
served very soon after the chronometers were put on board in 
the River, particularly in Nos. 3 and S, which, upon arriving 
at Shetland, were tbund to have gained instead of losing ratesj 
which they had in London. 

This acceleration was very soon perceptible in the chronome- 
ters taken out by the Hon, (~aptain Phipps, made by Kendal and 
Arnold. Mr. Lyons, who accompanied him, landed at Sheer- 
ness Fort, and found the longitude by them to be 30' 0" E. 
which is about 13' W. of the true longitude, as determined in 
the Trigonometrical Survey. 

The same occurrence took place last summer (1819). The 
longitude of a place in one of the Orkney Islands, as determined 
by three chronometers made by Arnold, two of them belonging to 
myself, the other to Lieut. E. Home, R .N . ,  who aeeompanied 
me, was 6' 40" W. of the longitude determined by the difference 
of 2]~, of stars E. and W. of ~). 

Again, in the trial of Mr. Harrison's time keeper, in 1764, the 
longitude of Barbadoes by the watch was 10' 45" more to the 
westward than that determined by astronomical observations 
made by the persons sent out for that purpose. 

Soon after this trial, the commissioners of longitude agreed 
with Mr. Kendal, one of the watchmakers appointed by them to 
receive Mr. Harrison's discoveries, to make another watch on 
the same construction, which went considerably better than Mr. 
Harrison's. Mr. Kendal's watch was sent out with Captain 
Cook in his seeond voyage towards the south pole and round the 
world, in the )'ears 1772-3-4 and 5, " when the only fault 

• found 
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254 On the Errors in Longitude 

found in the watch Was, that its rate of going was continually 
accelerated." 

It now remains, therefore, to determine what this acceleration 
arises from. That it does not arise from the motion of the ves- 
sels, is evident in the ease of the nine chronometers on board the 
Dorothea and Trent;  since the acceleration was obse¢ved when 
the ships were firmly beset with ice ; also ill the ease of the ala 
teration in the rates of the chronometers upon lan~l'ing, and 
taking them on board again at Dane's Island, the ships were 
riding at anchor close in shore without any perceptible motion. 

Au account was also kept on board aud on shore, of tile state 
of the temperature and barometer, every two hours, both night 
and day ; and upon comparing them together, there does not 
appear to be the least correspondence between the change of 
rates and the temperature at the time. 

I~ appears therefore to me, that this acceleration arose en- 
tirely from the magnetle action exerted by the iron in the ship 
on the lamer rim of the balance, which is made of steel. 

That the iron in the ships becomes magnetic, is plain, from the 
polarity which exists in it ; the whole forming altogether one 
large magnet, having its south pole on deck nearly amidships, 
and its north pole below. This is seen from the constant devia- 
tion" of the north end of the compasses placed on deck towards 
the centre of the ship, as appears from recent observations~ which 
I have mentioned elsewhere. 

Nor is it surprising that the force exerted by the ship's iron 
{thus become magnetical) on the balance of the chronometers, 
should be sufficient to cause a very sensible alteration in the rate 
of going, when we consider how easily, in other eases, the presence 
of any thing magnetical is detected by the alteration of the rate 
of a chronometer ; and when we consider the great influence ex- 
erted by this iron upon the bim~acle compasses at very consider- 
able distanecs~ and in situations where the utmost precaution is 
used to remove every piece of iron from them, by using copper- 
bolts, fastenings, &e. 

It remains only to determine, how far this alteration in the 
rates of the chronometers, can be reconciled with that observed 
in chronometers when under the influence of magnets placed in 
different positions with respect to their balances. 

To determine this, two watches were used, with steel balances 
and horizontal escapements, one by Earnshaw, the other by Al- 
lan and Caithness ; also two ehronometerq made by Arnold. To 
each of these watches were applied, at a distance of two inches 
from. the balance, magnets of twelve iuches in length~ in four 
different positions, and in the planes of the balances. 

The 
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as determined by Cl~ronometers at Sca. 255 

The following Table will show tim rates of the watches in 
twenty-four hours, deduced by comparing them with an excel- 
lent clock with Graham's dead beat escapement, and regulated 
by transit. 

N 
S 

N 
S 

N 
S 

N o .  1 .  N o .  ~ .  

+ 4 . 1 4  

i - 2 .0  

I . 
1 II 1 

+9.15 + 5 .  d 3 N 
+ 8.12 q-21. 0 S 

+ 8 . 0  + 1 8 . 0  6 N 
+ 4 8 . 0  + 8 . 0  S 

+47.10  +17 .  8 9 N 
+72 .  0 + 8.44 S 

4.32 12 N + 
+15.  0 S -- 

first column in this tahle shows the The 

. . , _ - -  

No. 3. No. 4. 

I II I II 

+ 0.34 + 0.41 
+ 2.18 + 0.44 

+ 1.28 --  1.43 
+ 5.27 --  0.36 

-1- 5.22 + 1. 3 
- -  0 . 1 4  + 0.41 

2.,t7 1[ ~ 1.12 
1. 2 1.24 

pole of the magnet 
applied to the watch; the second and third, the rate or effect 
produced on each watch ; the fourth column shows the figure oil 
the face of the watch opposite to which the magnet was applied. 

The watch, No. 1, gained with both poles, and in ever)" posi- 
tion of the magnet but one. No. 2 gained with both poles in 
every position. Nos. 3 and 4 gained in every position but two ; 
and the quantities lost in the positions were far exceeded by the 
accelerations caused by the opposite poles~ excepting one case 
in that of No. 4. 

The magnets were likewise placed in, different positions out of 
the planes of the balances ; the results were very s.i,milar to those 
ahoy% but differing in quantity~ according to the distance of the 
magnets from the planes of tile balances. 

Upon placing the magnets very near to the rim of the,balances~ 
a very rapid acceleration took place with both poles, and in every 
position of the magnet% particularly in the watches Nos, 1 and 2". 
Upon too near an approach of the magnets, the watch No. i ,  
mid chronometer No. 3~ were rendered useless ; the former, when 
the magnets were taken away, gaining no less than about 1~ 
hour, and the chronometer losing about 50" ia 24 hours ; and in 
again repeating the experiments in the plane of the balance% 
the rates of the chronometers (without the magnets) were so va- 
riable, that it was necessary to determine their rates before and 
after each application of the magnets: the following, however, is 
a Table of the results tTon the chronometers Nos. 3 and 4. 

No. 3. 
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256 On the Errors in Longitude, ~e.  

No. 3. I No, 4. 

I 
n + d. + 
s + 1.24 1 + 0.46 

/ 

N --  5.32 - -  1.40 
S + 6.15 - -  1.37 

N + 5 .19  + 1.18 
S - -  1.53 + 1.12 

N + 1.59 + 1.11.7 
S + 2. 7.3 + 1.29 

3 

12 

N + 0. 31 + 1.14 3 
S + 2. S -1- 0.43 

N - -  5.  9 - -  1 .24 "It 
S + 4.25.7 - -  Q.59 I 6 

N + 5 .25  + 0 .55  9 
S - -  1.53 + 0.42 

N q- 2.33 q- 1.5 12 
S - -  2.23 4- 1.6 

Each of these results in this Table, is the difference of the 
rates when the magnets were applied~ and a mean of the rates of 
the chronometers before and after the application of the mag- 
nets. The rate of the chronometer No. 3, is very different fi'om 
that given in the former Table ; that of No. 4 is nearly the same, 
and does not appear to have been affected~ as No. 3 was, by the 
close approach of the magnet. 

Upon the whole, however, it appears that chronometers will 
be generally accelerated (particularly if their balances have not 
received polarity by the too near approach of any thing magneti- 
cal) on ship-board. It  appears probahle, likewise, that the 
force of the balance springs is affected in the same way; since 
it is well known that chronometers having gold balance springs, 
although more difficult to adjust~ yet keep better rates at sea than 
the others. 

However this may be, these observations show the necessity of 
not trusting to the rates of chronometers ascertained during the 

time 
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Sequel of the Experiments upon the Magnetic Needle. 257 

time they are on shore ; and if the rates are ascertained on board~ 
the chronometers should always be kept  in the same place, and 
also in the same position with respect to the ship ; for I have 
but little doubt that~ upon an accurate trial, a chronometer will 
be found to change its rate, more or less, according as these eir- 
cmnstances are attended to. If these precautions are not taken,  
land will appear to be considerably to the westward of its t rue 
position : this is particularly exemplified in the observations of 
the Hon. Captain Phipps ; from which nearly the whole line of  
coast on the west side of East Greenland has been placed nearly 
1½ ° too much to the westward, by reason of the acceleration of 
his chronometers : the same circumstance would have occurred 
with the chronometers in both of the ships Dorothea and Trent~ 
in the late voyage, had not the longitude been otherwise deter- 
mined. It is therefore highly requisite that attention should be 
paid to a circumstance so much connected with the improve- 
ment  of geography as well as the safety of the seaman. 

The  foregoing paper is followed by an Appendix containing 
Tables of Rates furnished by Mr. Coleman, teacher of naviga- 
tion, and embrace observed rates in different voyages from 1802 
to 1820 inclusive, corresponding very much with Mr. Fisher's, 
and tending to confirm his general inferences. 

X X X I X .  Sequel rf  the Experiments on the Action of the Vol- 
taic Pile upon the Magnetic Needle. By M. BmSGEaAUD 
dun. 

[Concluded fi'om p. 206.] 

i THINK it useful to make knownan  illusol'y phmnomenon which 
the Voltaic apparatus I made use of presented. I took a very 
fine silk thread ; I attached it to a fixed point by a small particle 
of wax. I took another very small particle of wax, which I fixed 
to the other end of the thread, in such a manner as to form a 
pendulum with it. I afterwards pressed the latter piece of wax 
on one of the poles of a magnetised steel wire which remained 
suspended. The other pole was rubbed with a little grease, so 
that  I could make adhere to it horizontaliv a small needle of 
Spanish wax or silver. This arrangement,  it will be observed, has 
some analogy with the electroscope of Coulomb. The object of 
it was to indicate the action of the conducting wire on the faces 
of the needle. The following are the deceptive phaenomena which 
it presents. 

A magnetised bar which I held in my hand appeared con- 
stantly to attract,  by its north pole, the south face of the sus- 
pended needle ; the south pole appeared equally to attract the 

Vol. 57,, No. 276. ~lpril 1821. K k north 
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